Introduction {#j_jomb-2016-0011_s_001}
============

Preanalytical errors account for 60--70% of the total errors in laboratory medicine ([@j_jomb-2016-0011_ref_001]). As defined, variables are mostly out of reach of the laboratory, associated with human factors, difficult to observe and to amend. However, they are as important as analytic or postanalytic errors. Reducing the error rates in all fields is the ultimate way to a well organized and productive laboratory. The best approach to get this target is to perform total quality management by evaluating the process with versatile strategies to reduce the complicated procedures and error rates by observations, to prepare best practice manuals and guidelines for health care workers (HCWs) and to evaluate their performance constantly ([@j_jomb-2016-0011_ref_002]).

In order to decrease or even eliminate matters which stem from weak cooperation, a sound communication is crucial between HCWs and laboratory professionals. In many cases, this solely contributes to problem-solving without any further investigations. As soon as such communication is strengthened, the following step should be a good program to handle the consequences of preanalytical errors. Education has an important role in quality processes in terms of sharing the same targets and creating standard applications ([@j_jomb-2016-0011_ref_003]). Educational processes and rules during this period need to be managed by laboratories and they should also be compatible with the education programs of the hospitals. Compliance to the education should be observed and precautions to increase this compliance should be followed. Moreover, effectiveness of the education should be evaluated according to the objectives and evaluations of effectiveness should also cover the performance of the trainers.

According to data from a survey of education and training on phlebotomy in 28 European countries published by the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) working group for the preanalytical phase (WG-PA), phlebotomy guidelines tend not to be followed in health care centers which are not directly controlled by laboratory personnel. They reported that education and training programs of phlebotomists who are out of laboratory control should be fortified so that sample quality and patient safety can be enhanced ([@j_jomb-2016-0011_ref_004]). The objective of our study was to share an experience of an education program on preanalytic phase performed on Emergency Department (ED) staff.

Materials and Methods {#j_jomb-2016-0011_s_002}
=====================

In our hospital, Hospital Quality Standards procedures are followed by a laboratory quality team and preventive activities are performed when necessary. Monthly analyses for sample rejection rates are prepared by the person in charge, Root Cause Analyses are performed and results are shared with the team. When indicated, education programs are organized. In 2014, in the period November--December, error rates from the ED were strikingly higher compared to other departments. In order to manage the problem, we organized an education program with the participation of ED head doctor and head nurse. Unlike the previous education programs, this time we decided to perform a pre-test to measure the baseline knowledge of the sample group and a post-test to measure the effectiveness of our education. The pre- and post-tests contained the same questions about the preanalytical phase ([*Table I*](#j_jomb-2016-0011_tab_001){ref-type="table"}).

###### 

The questionary was composed of 11 questions on the preanalytic laboratory phase. The participants answered these questions before the education as a pre-test and after the education as a post-test.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Which period of laboratory process is the major source of analytical errors?preanalyticalanalyticalpostanalyticalpre-preanalyticalpost-postanalytical

  2\. Which anatomical region is the most preferred site for venous blood sampling?dorsal hand veinshead veinsantecubital fossa veinsdorsal foot veins

  3\. Number the following tubes in order of collecting the blood samples (...) Hemogram (purple cap)\
  (...) Heparinized (green cap)(...) Blood culture(...) Serum tubes (red, yellow and orange cap)(...) Citrated tubes (blue and black cap)

  4\. What should be the right angle between the arm and the needle during blood sampling?90 degrees15--30 degreesparallel to the veins120 degrees

  5\. Which of the following is true?Only the tubes with anticoagulant should be inverted after blood samplingOnly the serum tubes should be inverted after blood samplingAll tubes should be inverted after blood samplingTubes should not be inverted after blood sampling

  6\. What is compromised with the rejection of samples by the laboratory?Employee safetyPatient safetyLaboratory safetyInstitution safety

  7\. When is the correct time for blood gas analysis following blood collection?Within 5 minutesWithin 15 minutesWithin 30 minutesWithin 45 minutes

  8\. What is hemolysis?The destruction or dissolution of platelets with release of cell contentThe destruction or dissolution of macrophages with release of cell contentThe destruction or dissolution of monocytes with release of cell contentThe destruction or dissolution of erythrocytes with release of cell contentThe destruction or dissolution of neutrophils with release of cell content

  9\. What do we call a value that represents a pathophysiological state at such variance with normal (reference values) as to be life-threatening unless something is done promptly and for which some corrective action must be taken?critical (panic) valuehigh valueabnormal valuenormal value

  10\. When is the laboratory in charge of the samples?After the test requests are made.After the sample collection is completedAfter the sample is accepted.When the samples are analyzed

  11\. Which region is suitable for collecting blood samples?hematoma regionpresence of scar tissue on the regionproximally of the IV cathetersdistally of the IV catheters
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

An education program about laboratory procedures, quality requirements in the laboratory, patient and HCW safety was planned for 36 people who were responsible for sample collection in the ED. The program was performed in three sessions to increase effectiveness as the ED stuff were shift-workers. The participants were already divided into three groups shifting for every eight hours a day. Accordingly, the same education program was repeated for each group. Hospital Quality Standards and Laboratory Quality Management Guidelines published by the Ministry of Health were used as a reference.

Statistical analysis {#j_jomb-2016-0011_s_002_s001}
--------------------

To evaluate the data, the SPSS 13.0 program was used. Descriptive data were evaluated by Paired-Samples »t« test. The personnel's knowledge about the issue was observed by chi-square test. The level of significance was accepted as p\<0.05. The degree of process deviation from perfection was evaluated by six sigma processes. The number of rejected per million was discovered with right proportion account over the number of accepted and rejected samples after and before the training period. Sigma level for value in the Sigma conversion table and the success rate were determined in the sigma range.

Results {#j_jomb-2016-0011_s_003}
=======

In December 2014, a total of 5316 samples were received from ED and 125 of them were rejected; rejection rate was 2.351%. The rejection rate was evaluated by the laboratory quality team and found to necessitate an education program. Most of the attendees were nurses (n: 22/55%), with over 12 years of experience in medicine and 2 to 4 years of experience in the ER. Others were health officers and health technicians. The pre-test with questions pertaining to a variety of issues about the preanalytic phase showed a success of 58.9% before training. Groups 1 and 2 showed similar performances in the pre-test while group 3 was better ([*Figure 1*](#j_jomb-2016-0011_fig_001){ref-type="fig"}). Correct answers for particular questions were also different between groups. In the pre-test, all participants failed in answering question 3 (order of draw). More than half of participants in all groups failed in answering question 1. Groups 1 and 2 showed a failure in question 5. Questions 2 and 11 were answered correctly by all participants of group 3 ([*Figure 2*](#j_jomb-2016-0011_fig_002){ref-type="fig"}). In the post-test, group 1 showed remarkable progress. All members of the group answered 7 of 11 questions correctly. Group 2 followed group 1 with 6 of 11 questions answered by all members. Interestingly, group 3 who had showed a better performance compared to other two groups in the pre-test, showed a worse performance in the post-test. Only 4 questions in 11 were answered correctly by all members of group 3. Question 3 was answered correctly by all members of group 1 while 11 and 8 members of groups 2 and 3 respectively gave correct answers to the question. The overall success in the post-test was 91.8% including better performance in questions 1 and 5 ([*Figure 3*](#j_jomb-2016-0011_fig_003){ref-type="fig"}).

![Comparing the post-test results with the pre-test results allowed us to observe the effect of our education program. The post-test performance of all three groups was satisfactory. The overall success in the post-test after 3 sections of training rose from 58.9% on the pre-test to 91.8%.\
\#: total number of true results of 12 people in every group answering 11 questions (12×11=132 as a maximum).](jomb-35-347-g001){#j_jomb-2016-0011_fig_001}

![The pre-test performance. We used the pre-test to compare the groups and define the issues to be focused on. \#: total number of true results of 12 people in every group answering 11 questions.](jomb-35-347-g002){#j_jomb-2016-0011_fig_002}

![The post-test performance. We evaluated the post-tests as satisfactory considering the high success of all three groups.\
\#: total number of true results of 12 people in every group answering 11 questions.](jomb-35-347-g003){#j_jomb-2016-0011_fig_003}

Rejection rates for the following periods were observed. After the education program, in February 2015 a total sample number of 4803 was received from ED by the laboratory and 75 of them were rejected; rejection rate was 1.56% ([*Figure 1*](#j_jomb-2016-0011_fig_001){ref-type="fig"}).

Discussion {#j_jomb-2016-0011_s_004}
==========

Considering the entire laboratory process, it is apparent that preanalytical phase is most liable to making errors. Previous studies define the problems in the drawing and handling of biological samples. When inappropriate, preanalytic steps may lead to false test results and the safety of the patient might be compromised ([@j_jomb-2016-0011_ref_001]). Laboratory tests have been threatened by hemolysed and contaminated samples for quite a long time. A preanalytic problem also keeps laboratory professionals and clinicians busy and confused by inappropriate results on an inappropriate sample. Such samples lead to considerable delays in clinical decision making, prevent the setting-up of a diagnosis, or making-up one's mind on the therapy, or sadly lead to inaccurate treatment decisions ([@j_jomb-2016-0011_ref_003], [@j_jomb-2016-0011_ref_005]).

For laboratories, it is very important to implement and track the quality requirements. During out of routine times under heavy conditions, awareness of laboratory technicians also needs to be provided. Insufficient samples need to be identified well and both the laboratory workers and the clinicians need to be informed properly ([@j_jomb-2016-0011_ref_001]). Periodical sample rejection reports serve as a feasible application to keep aware of the preanalytic conditions. Very similar to regular testing procedures, a high rejection rate is a panic value and an indication for preventive action, as is the case in this study. ED may have more patients than other wards and high potential for panic and complications because of high-risk patients. These circumstances increase the error rates and make the ED come first in making preanalytical errors. Sample collection errors from the ED may cause a risk for patient safety and these errors have an important impact on medical treatments which depend on laboratory outcomes. Therefore, all procedures in laboratories including those in preanalytical phase need to be evaluated with total quality management ([@j_jomb-2016-0011_ref_006], [@j_jomb-2016-0011_ref_007]).

In our study, we planned an education program concerning the preanalytical phase and laboratory processes for ED staff in 3 sessions and in small groups to increase the effectiveness. Differing from our previous studies, we added a pre-test and a post-test to the education program. Both test questions were prepared to highlight the most important parts of the preanalytic phase. The pre-test was performed three days before the education presentations. Our aim was to determine the baseline awareness of the participants. The pre-test made it possible to compare the groups and define the issues to be focused on. The baseline knowledge level of our staff was lower than we had expected. The participants answered the same questions at the end of the session as a post-test. Correct answer rate in the post-test increased significantly compared to the pre-test. However, we waited for a fall in sample rejection rates in the next month before accepting our education program was effective.

During the education session, the pre-test was a guide: we focused on weak points and made changes in the routine flow of sessions. For example, none of the participants correctly answered the »order of draw« question. We spared extra time for this issue. We added real cases from our own hospital experience and observed a great response to these cases. Only then, some of the participants confessed that they did not *believe* the order of draw. Another example: we organized a live performance of blood gases analyses for group 1, as they were totally unsuccessful in that question. We also spared extra time for groups 1 and 2 as their total success was lower than group 3. Gladsome, the post-test performance of group 1 was better than the performance of group 3, so we believe our extra effort had an impact. The post-test was a measure of our performance as well as an opportunity to compare the three groups.

There are few studies on preanalytical phase problems in Turkey ([@j_jomb-2016-0011_ref_006]--[@j_jomb-2016-0011_ref_010]). The study of Kume et al. determined the most common problems as follows: the usage of syringes instead of a vacuum system for blood collection which causes insufficient fill lines, hemolysis as a result of collection by needles with small diameters, hemolysis because of blood transfer from needle to vacuum tubes without discarding the needle from the syringe and clotted samples because of insufficient mixing of anticoagulant and blood ([@j_jomb-2016-0011_ref_006]). Ozcan et al. ([@j_jomb-2016-0011_ref_010]) reported that the most common errors in preanalytical phase were contamination, clotted samples and insufficient sample volumes. They also determined that monthly trainings on preanalytical phase for phlebotomy staff in all departments and laboratory technicians and the same training program for new employees can contribute to cost savings and performance by preventing preanalytical errors in laboratory medicine.

Previously, Lippi et al. ([@j_jomb-2016-0011_ref_004]) designed a multicenter prospective study which was planned to compare the frequency of five most frequent preanalytical problems occurring during venous blood collection as recorded in outpatient clinics and emergency departments. According to the results of this multicenter prospective study, blood samples collected at emergency department hospitals were 10 times as faulty as those taken at outpatient clinics managed by laboratory professionals. Similarly, Berg et al. ([@j_jomb-2016-0011_ref_005]) observed variation in phlebotomy practice in the Majors area of their Emergency Department. Their study showed that phlebotomy techniques differ to a great extent from the standard practice. This could easily cause a much higher frequency of hemolysed samples and the wrong order of collecting potassium-EDTA-contaminated samples.

Most papers pertaining to the subject report statistical data on preanalytic error rates. After all, we are more or less aware of the sources of major problems. However, guidelines to cope with the already defined problems are still missing ([@j_jomb-2016-0011_ref_011]--[@j_jomb-2016-0011_ref_013]). Some authors go beyond, and present their education programs as a solution. Lillo et al. ([@j_jomb-2016-0011_ref_014]) define education as relevant in preanalytic quality improvement. Ying et al. ([@j_jomb-2016-0011_ref_015]) report a 50% fall in preanalytic error rates after an education program.

Conclusions {#j_jomb-2016-0011_s_005}
===========

Cooperation between the ED and the laboratory is very important to reduce preanalytical errors. For this issue, all staff needs to be highly aware; they should have the required knowledge level and these need to be provided continuously. For this objective, we believe that particulary phlebotomy training at international standard levels is needed. Preanalytical errros can be prevented by taking some proper precautions and both patient safety and staff satisfaction can be provided with less effort and more financial incomes.

We here report high efficiency of an education program evidenced by a remarkable fall in sample rejection rates. The necessity to follow up the preanalytic phase closely and create communication between departments is a reality after all experiences and this study is nothing but a reiteration in that sense. Pre- and post-test applications were the goal of this study. The pre-test in particular was a very efficient guide to shape our education sessions. So efficient that three sessions with three groups were quite different in concept and duration. We do not feel confident to propose a significant positive effect but strongly recommend health care professionals a pretest prior to an education program. Future experience will show the superiority of flexible programs over solitary ones.
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